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Objectives: Our purpose was to compare the methods for the regression coefficients estimation in a Cox 
proportional hazards model with interval-censored data. 
Methods: The methods included the mid-point and right-endpoint imputation methods and 'intcox' method 
implemented following the algorithm proposed by Pan (1999, Journal of Computational and Graphical 
Statistics). Their performance was evaluated based on the estimated bias and mean squared error and the empirical 
coverage rate for the regression coefficients. Three methods were also discussed with real data analysis.
Results: The 'intcox' method had the better performance than the other imputation methods. In particular 
a 95% coverage rate of the 'intcox' method was very close to 0.95, while the imputation methods were 
pretty less than 0.95. As a right censoring rate decreases, all the methods underestimated the true value, 
but the 'intcox' method seemed to be more stable than the others owing to smaller bias and mean squared 
error. With analyzing the breast cosmetics data, the effect size of treatment based on the 'intcox' method 
was the largest among three methods, but there was no difference in statistical significance among them.
Conclusions: In many clinical studies the imputation methods were often used for dealing with the 
interval-censored data because they can be easily implemented using commercial softwares. However 
they may entail biased results as shown in simulation results such as low coverage rate. We recommend 
the ‘inxcox’ method or multiple imputation methods rather than the single imputation methods. 
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	 ③	첫	번째	방문시점	 는	 (0,	1)에서	생성
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Table 1. Estimated bias (Bias), mean squared error (MSE), and 95% coverage rate (CR) of the regression parameters,   and ,  based 




'intcox' Single imputation by mid-point
Single imputation by 
right-endpoint
Bias MSE CR Bias MSE CR Bias MSE CR
0 3 22.0 0.022 0.012 0.935 -0.083 0.016 0.846 -0.086 0.017 0.849
0.016 0.012 0.930 -0.089 0.018 0.820 -0.091 0.019 0.811
5  9.3 -0.028 0.011 0.938 -0.09 0.018 0.803 -0.093 0.018 0.788
-0.024 0.011 0.943 -0.084 0.016 0.834 -0.086 0.017 0.819
0.1 3 22.6 0.018 0.013 0.932 -0.094 0.019 0.809 -0.096 0.019 0.801
0.013 0.013 0.928 -0.099 0.020 0.789 -0.102 0.021 0.785
5 9.9 -0.032 0.010 0.947 -0.093 0.017 0.807 -0.096 0.018 0.802
-0.028 0.011 0.942 -0.091 0.018 0.806 -0.093 0.019 0.787
0.5 3 24.7 0.014 0.017 0.923 -0.123 0.029 0.756 -0.126 0.030 0.743
0.019 0.016 0.924 -0.119 0.028 0.779 -0.123 0.029 0.773
5 12.6 -0.029 0.014 0.942 -0.109 0.024 0.790 -0.112 0.025 0.768
-0.025 0.013 0.946 -0.108 0.023 0.786 -0.112 0.024 0.765
1Correlation coefficient between two covariates.





Table 2. Estimated regression parameter ( ) and 95% bootstrap or asymptotic confidence interval according to three methods ('intcox', single 
imputation by mid-point, and single imputation by right-endpoint)
Method
'intcox' Single imputation by mid-point
Single imputation by 
right-endpoint
Bootstrap CI Asymptotic CI Asymptotic CI
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